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Objective. To investigate differences in moderate-to-vigorous physical activity (MVPA) from school-travel
between adolescents in urban and suburban neighbourhoods and to describe its relative contribution to MVPA
on school days.
Methods.Wemeasured 243 adolescents (51%male, grades 8–10) fromVancouver'swalkable downtown core
and its largely car-dependent suburb Surrey (fall 2011, 2013). We estimated mean school-travel MVPA from
accelerometry (hour before/after school on ≥2 days; n = 110, 39% male) and compared school-travel MVPA
by neighbourhood type and school-travel mode. The inﬂuence of mean school-travel MVPA on mean
school-day MVPA (≥600 min valid wear time on ≥2 days) was examined by linear regression.Results. Over half of students used active modes (urban: 63%, suburban: 53%). Those using active travel
and living in the urban neighbourhood obtained the most school-travel MVPA (22.3 ± 8.0 min). Urban passive
travellers used public transit and obtained more school-travel MVPA than suburban students (16.9 ± 6.2 vs.
8.0 ± 5.3, p b0.001), who were primarily driven. Regardless of mode or neighbourhood type, over one-third of
school-day MVPA was explained by school-travel MVPA (R2 = 0.38, p b0.001).
Conclusion. Urban dwelling may facilitate greater school-travel MVPA in adolescents. School-travel MVPA is
an important contributor to adolescents' school-day MVPA. Where feasible, physically active options for
school-travel should be promoted, including public transit.© 2015 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Physical activity (PA) is essential for healthy growth and develop-
ment of children and youth (Janssen and Leblanc, 2010), yet themajority
of young Canadians are insufﬁciently active (Colley et al., 2011). Active
travel to school, such as walking or cycling, is an effective way to utilize
routine behaviours to enhance levels of PA during the school-day
(Tudor-Locke et al., 2001). Active travellers are more active during the
commute (Cooper et al., 2003; Sirard et al., 2005) and tend to be more
active throughout the school-day than those who use passive modes of
travel, such as the car or bus (Larouche et al., 2014).
In recent decades, there has been a disturbing shift away from active
modes and towards car travel (Buliung et al., 2009; McDonald, 2007).
One inﬂuence may be city design (Cervero and Kockelman, 1997):
well-connected street grids in urban centres tend to support pedestrianeet, Robert H.N. Ho Building,
r).
. This is an open access article undertravel, while curvilinear and disconnected street networks commonly
found in suburbs may lend themselves to car travel. However, the inﬂu-
ence of neighbourhood type (e.g. urban, suburban) on school-travel is
unclear. Only two previous studies compared PA from school-travel be-
tween neighbourhood types (Stevens and Brown, 2011; Van Dyck
et al., 2009), and results were conﬂicting.
Therefore, our objectives were twofold: (1) to investigate differences
in moderate-to-vigorous PA (MVPA) from school-travel (‘school-travel
MVPA’) between adolescents residing in urban versus suburban parts
of Metro Vancouver and (2) to assess the contribution of MVPA from
school-travel to MVPA acquired during the school-day.
Methods
Participants and protocol
Wedrew samples from two school-based studies: Health Promoting
Secondary Schools (Fall 2011) (Wharf Higgins et al., 2013) and Active
Streets, Active People–Junior (Fall 2013). The ‘suburban’ groupthe CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Metro Vancouver suburb. Students in the ‘urban’ group attended the
only public high school in downtown Vancouver. Overall, 243 stu-
dents in grades 8–10 (15.0 ± 0.7 years, 51% male, ~20% response
rate) participated. Institutional ethics committees approved the
studies; we obtained informed parental consent and student assent.
Measures
To assess PA, students wore an accelerometer (GT1M/GT3X+,
ActiGraph LLC, Pensacola, FL; 15 s epoch) over their right hip for one
week. Students self-reported their usual school-travel mode, which
we grouped into active (walk/cycle/skateboard) or passive (car/public
transit) based on ≥6 trips/week. We assessed body mass index (BMI)
using standardized methods, which was expressed as age-sex speciﬁc
percentiles (de Onis et al., 2007).
We geocoded student homes using a Geographic Information
System (ArcGIS™, v.10, ESRI®, Redlands, CA) and calculated shortest
route to school along the street network. Using residential locations,
we assigned median family income at the census dissemination area
level (National Household Survey, 2011) and used Street Smart Walk
Score® (www.walkscore.com), a composite score of proximity to
amenities (e.g. grocery store, restaurants), block size and intersection
density, to determine walkability.
Data processing and analyses
To assess school-travel MVPA, we included accelerometry data from
the hour before and after school on ≥2 school days (n= 110 students,
15.2 ± 0.4 years, 39% male). We estimated school-day MVPA (min/
day) for those with ≥600 min of accelerometry data (allowing non-
wear ≤60 min of zeros, with ≤2 min spike allowance b100 counts per
minute (cpm)) on ≥2 school days (ActiLife v. 6.3.3). Vertical accelera-
tion counts were expressed as cpm and also converted to minutes of
MVPA if ≥2296 cpm (Evenson et al., 2008).
We used two-way ANOVA or Kruskal–Wallis tests to investigate
between-group differences by mode and neighbourhood type. We
used linear regression to examine the contribution of school-travel
MVPA to school-day MVPA, adjusting for sex, travel mode andTable 1
Descriptives by main mode of travel to and from school and in urban vs. suburban neighbourh
Active travel a
All Urban b
n (male/female) 110 (43/67) 12 (6/6)
Age (years) 15.2 ± 0.4 14.8 ± 0.7
BMI percentile c 60.5 ± 30.2 55.3 ± 32.5
Distance to school (km) d 1.7 (1.0-3.0) 1.1 (1.0-1.5)
Walk score e 49.5 ± 27.5 95.3 ± 3.6
Median family income (CDN)f 78 K (69 K-91 K) 81 K (76 K-95 K)
School-day PA intensity (cpm/day) g 432.8 ± 143.1 488.2 ± 166.1
School-day MVPA (min/day) h 56.8 ± 23.7 68.5 ± 25.7
School-travel PA intensity (cpm/day) i 704.6 ± 380.5 1083.5 ± 314.2
School-travel MVPA (min/day) j 13.9 ± 9.3 22.3 ± 8.0
Data are mean± SD or median (interquartile range).*p b0.05.** p b0.01.*** p b0.001.¥Main effe
Bold in the table indicates signiﬁcant associations.
a Main mode of travel to and from school (≥6 trips/week); active includes walk, bike and sk
b Urban: downtown Vancouver; Suburban: City of Surrey (Metro Vancouver region).
c BMI = body mass index (kg·m−2); percentiles calculated based on age- and sex-speciﬁc W
d Shortest distance between residential address (parent-reported) and school along the stre
e Street Smart version of Walks Score® (www.walkscore.com), scored between 0 and 100 (
f Median Family Income at the Census Dissemination Area level (National Household Survey
g PA intensity—physical activity intensity; cpm—counts per minute; ActiGraph accelerometr
calculated if ≥2 school days with ≥600 min valid wear time.
h MVPA—minutes spent in moderate-to-vigorous physical activity (Evenson et al., 2008).
i PA intensity—physical activity intensity; cpm—counts per minute; mean school-travel PA c
j MVPA—minutes spent inmoderate-to-vigorous physical activity (Evenson et al., 2008);mea
timemissing: n=1 BMI; n=5 distance to school, Walk Score® andMedian Family Income (no
wear time each).neighbourhood type because of their independent associations with
school-travel and/or school-day MVPA (p b 0.05; Stata v.10 StataCorp
LP, College Station, TX).
Results and discussion
BMI, median family income, and mode were no different between
included and excluded students (all p N0.05), but more boys than girls
(χ2 = 10.7, p b 0.01), and more urban than suburban students were
excluded (χ2 = 13.2, p b 0.001). We provide descriptive statistics
(mean ± SD or median and interquartile range) and between-group
differences in Table 1.
Urban–suburban differences in school-travel MVPA
Urban students were more likely to report using active modes than
suburban students (63% vs. 53%). Active travellers tended to live closer
to school than did passive travellers (1.5 ± 1.0 vs. 3.1 ± 0.2 km). This
aligns with ﬁndings from the Greater Toronto Area (Buliung et al.,
2009). Active travellers also engaged in more school-travel MVPA
and school-day MVPA than did passive travellers, which is similar to
previous reports (Cooper et al., 2003; Sirard et al., 2005). On school
days, urban active travellers acquired nearly one-third more MVPA
(including school-travel MVPA) than suburban passive travellers
(68.5 ± 25.7 vs. 46.7 ± 19.0 min).
Urban students accumulated more school-travel MVPA than subur-
ban students, regardless of school-travel mode. School-travel MVPA
among urban active travellers was nearly threefold the amount of
suburban passive travellers (22.3 ± 8.0 vs. 8.0 ± 5.3 min), and in
urban passive travellers, school-travel MVPA was roughly equivalent
to suburban active travellers (16.9 ± 6.2 vs. 16.8 ± 9.7 min). Previous
studies that examined school-travel PA and neighbourhood type
found mixed results. A study from Utah reported that school-travel
MVPA was greater when students lived in walkable compared with
less walkable neighbourhoods (Stevens and Brown, 2011). A Belgian
study found no differences between urban and suburban walkers (Van
Dyck et al., 2009). However, the different composition of school-travel
modes in Europe (Cooper et al., 2008; Van Dyck et al., 2010) hampers
comparability between Europe and North America.oods in Metro Vancouver.
Passive travel a
Suburban b Urban b Suburban b
48(20/28) 7(4/3) 43(13/30)
15.3 ± 0.4 15.0 ± 0.6 15.2 ± 0.3 *,¥
61.8 ± 27.1 69.2 ± 28.3 59.1 ± 33.7
1.2 (0.9-2.0) 2.4 (1.9-8.5) 2.9 (1.5-3.7) ***,†
42.2 ± 19.0 91.4 ± 10.3 37.6 ± 18.8 ***,¥
75 K (64 K-84 K) 99 K (53 K-123 K) 80 K (71 K-92 K)
462.4 ± 137.9 421.5 ± 171.0 387.0 ± 130.4 *
63.5 ± 23.9 55.4 ± 27.6 46.7 ± 19.0 **,†
817.3 ± 385.6 772.6 ± 243.5 462.0 ± 242.0 ***,¥,†
16.8 ± 9.7 16.9 ± 6.2 8.0 ± 5.3 ***,¥,†
ct neighbourhood type (urban vs. suburban).†Main effect travel mode (active vs. passive).
ateboard; passive includes car (passenger) and public transit.
HO 2007 reference charts (1).
et network, calculated using geographic information systems software (ArcGIS, ESRI).
low to high walkability).
, 2011).
y (GT3X+ (urban) or GT1M (suburban); worn on hip for 7 days; mean school-day PA
alculated if ≥2 school days with hour before and after school valid wear time.
n school-travel PA calculated if ≥2 school dayswith hour before and after school validwear
/invalid residential address); n=8 school-dayMVPA (no or b2 dayswith ≥600min valid
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Among passive travellers, all urban students used public transit,
while most suburban students were driven. The urban school catch-
ment was substantially smaller than suburban catchments (4.8 km2
vs. 12.0–18.4 km2), and more students lived within urban catchment
boundaries (94%vs. 70%). Vancouver's downtown core has been charac-
terized as a walker's paradise (mean Walk Score®: 96) with abundant
access to public transit (Transit Score®: 98). Easy access to public transit
for urban-dwelling students likely replaced the need for car travel
among passive travellers. In contrast, the suburb in our study is
generally comprised ofmore dispersed, car-dependent neighbourhoods
(mean Walk Score®: 51, Transit Score®: 44). The greater distance to
school likely explains the higher proportion of passive travel. Thus,
neighbourhood design and limited access to public transit likely con-
tributed to their higher rates of car travel. Public transit use might be
considered a ‘walk-interrupted’ as per previous reports of higher levels
of MVPA in transit than car users during school-travel (Owen et al.,
2012). Thus, public transit may represent an ‘active’ alternative to car
travel for students who live greater distances from school.
Contribution of school-travel MVPA to school-day MVPA
Each additional minute of school-travel MVPA was associated with
an additional 1.3 minutes of total daily MVPA (β= 1.3, 95% 0.9–1.8,
p b 0.001; R2 = 0.38) after controlling for sex, travel mode, and
neighbourhood type (Fig. 1; unadjusted model β= 1.5, 95% 1.1–1.9,
p b 0.001; R2 = 0.33). Aligned with previous work (van Sluijs et al.,
2009), our ﬁndings indicate that school-travel MVPA may contribute
meaningfully to school-day PA and may support young people meeting
PA recommendations in Canada (Colley et al., 2011) and elsewhere.
Strengths and limitations
This is the ﬁrst study inWestern Canada to examine neighbourhood
differences in school-travel PA. We acknowledge several limitations.
The cross-sectional design prohibited inferring causality; parents may
have selected into a certain neighbourhood type. Our relatively small
sample size limited our ability to compare MVPA in car versus transit
users. Our sample was highly active, which may be due to selectionFig. 1. Relative contribution of school-travel MVPA§ to mean school-day MVPA‡ (includes
school-travel MVPA). §School-travel MVPA—minutes spent in moderate-to-vigorous
physical activity during school-travel (Evenson et al., 2008); calculated if ≥2 school days
with hour before and after school valid wear time. ‡School-day MVPA—minutes spent
in moderate-to-vigorous physical activity during the school-day (Evenson et al., 2008);
mean school-day PA calculated if ≥2 school days with ≥600 min valid wear
time (ActiGraph accelerometry (GT3X+ (urban) or GT1M (suburban); worn on hip for
7 days).bias. However, if so, self-selection into the study would be similar be-
tween neighbourhoods. We did not investigate psychosocial factors,
such as motivation, that are likely important for school-travel patterns.
Conclusion
Living in an urban setting may facilitate greater school-travel MVPA
in adolescents. Although it is unlikely that neighbourhood type per se is
solely responsible, it may play a role in the association between school-
travel PA andmode choice, speciﬁcally relating to public transit use. Re-
gardless, MVPA from school-travel may contribute meaningfully to the
total amount of MVPA young people accrue during the school-day.
Thus, the school community, including policy makers, should renew
efforts to promote active options for school-travel, including public
transit.
Conﬂict of interest
The authors declare that there are no conﬂicts of interest.
Acknowledgements
Active Streets, Active People–Junior was funded by the Heart &
Stroke Foundation of Canada (G-13-0002906) and the Canadian Insti-
tutes of Health Research (POH–127210). The larger Health Promoting
Secondary Schools study was funded by the Canadian Cancer Society
(227967). We are indebted to school administrators, teachers, students
and their parents who participated in our studies.
References
Buliung, R.N., Mitra, R., Faulkner, G., 2009. Active school transportation in the Greater
Toronto Area, Canada: an exploration of trends in space and time (1986–2006).
Prev. Med. 48, 507–512. http://dx.doi.org/10.1016/j.ypmed.2009.03.001.
Cervero, R., Kockelman, K., 1997. Travel demand and the 3Ds: density, diversity, and
design. Transp. Res. D.-TR. E. 2, 199–219. http://dx.doi.org/10.1016/S1361-
9209(97)00009-6.
Colley, R.C., Garriguet, D., Janssen, I., Craig, C.L., Clarke, J., Tremblay, M.S., 2011. Physical
activity of Canadian children and youth: accelerometer results from the 2007 to
2009 Canadian Health Measures Survey. Health Rep. 22.
Cooper, A.R., Page, A.S., Foster, L.J., Qahwaji, D., 2003. Commuting to school: are children
who walk more physically active? Am. J. Prev. Med. 25, 273–276. http://dx.doi.org/
10.1016/S0749-3797(03)00205-8.
Cooper, A.R., Wedderkopp, N., Jago, R., et al., 2008. Longitudinal associations of cycling to
school with adolescent ﬁtness. Prev. Med. 47, 324–328. http://dx.doi.org/10.1016/j.
ypmed.2008.06.009.
de Onis, M., Onyango, A.W., Borghi, E., Siyam, A., Nishida, C., Siekmann, J., 2007. Develop-
ment of a WHO growth reference for school-aged children and adolescents. Bull.
World Health Organ. 85, 660–667. http://dx.doi.org/10.2471/BLT.07.043497.
Evenson, K.R., Catellier, D.J., Gill, K., Ondrak, K.S., McMurray, R.G., 2008. Calibration of two
objective measures of physical activity for children. J. Sports Sci. 26, 1557–1565.
http://dx.doi.org/10.1080/02640410802334196.
Janssen, I., Leblanc, A.G., 2010. Systematic review of the health beneﬁts of physical activity
and ﬁtness in school-aged children and youth. Int. J. Behav. Nutr. Phys. Act. 7, 40.
http://dx.doi.org/10.1186/1479-5868-7-40.
Larouche, R., Saunders, T.J., Faulkner, G., Colley, R., Tremblay, M., 2014. Associations
between active school transport and physical activity, body composition, and cardio-
vascular ﬁtness: a systematic review of 68 studies. J. Phys. Act. Health 11, 206–227.
http://dx.doi.org/10.1123/jpah. 2011-0345.
McDonald, N.C., 2007. Active transportation to school: trends among U.S. schoolchildren,
1969–2001. Am. J. Prev. Med. 32, 509–516. http://dx.doi.org/10.1016/j.amepre.2007.
02.022.
Owen, C.G., Nightingale, C.M., Rudnicka, A.R., et al., 2012. Travel to school and physical
activity levels in 9–10 year-old UK children of different ethnic origin; Child Heart
and Health Study in England (CHASE). PLoS One 7, e30932. http://dx.doi.org/10.
1371/journal.pone.0030932.
Sirard, J.R., Riner Jr., W.F., McIver, K.L., Pate, R.R., 2005. Physical activity and active
commuting to elementary school. Med. Sci. Sports Exerc. 37, 2062–2069 (doi:
00005768-200512000-00007 [pii]).
Stevens, R.B., Brown, B.B., 2011. Walkable new urban LEED_Neighborhood-Development
(LEED-ND) community design and children's physical activity: selection, environ-
mental, or catalyst effects? Int. J. Behav. Nutr. Phys. Act. 8, 139. http://dx.doi.org/10.
1186/1479-5868-8-139.
Tudor-Locke, C., Ainsworth, B.E., Popkin, B.M., 2001. Active commuting to school: an
overlooked source of children's physical activity? Sports Med. 31, 309–313.
Van Dyck, D., Cardon, G., Deforche, B., De Bourdeaudhuij, I., 2009. Lower neighbourhood
walkability and longer distance to school are related to physical activity in
173A. Frazer et al. / Preventive Medicine Reports 2 (2015) 170–173Belgian adolescents. Prev. Med. 48, 516–518. http://dx.doi.org/10.1016/j.ypmed.
2009.03.005.
Van Dyck, D., De Bourdeaudhuij, I., Cardon, G., Deforche, B., 2010. Criterion distances and
correlates of active transportation to school in Belgian older adolescents. Int. J. Behav.
Nutr. Phys. Act. 7, 87. http://dx.doi.org/10.1186/1479-5868-7-87.
van Sluijs, E.M., Fearne, V.A., Mattocks, C., Riddoch, C., Grifﬁn, S.J., Ness, A., 2009. The con-
tribution of active travel to children's physical activity levels: cross-sectional resultsfrom the ALSPAC study. Prev. Med. 48, 519–524. http://dx.doi.org/10.1016/j.ypmed.
2009.03.002.
Wharf Higgins, J., Riecken, K.B., Voss, C., et al., 2013. Health promoting secondary schools:
community-based research examining voice, choice, and the school setting. J. Child
Adolesc. Behav. 1, 1–8. http://dx.doi.org/10.4172/jcalb.1000118.
